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SUMMARY 


The  extensive  use  of  aluminum  in  the  bulkheads  and 
superstructure  of  Naval  vessels  has  introduced  a  need  for  a 
more  effective  fire  protection  system  at  a  lower  weight  per 
square  foot  than  traditionally  utilized  systems.  The 
objectives  of^1ffavyj>  Contract  were: 

.  To  study  a  variety  of  insulation  materials  and 
systems  for  their  fire  protection  and  weight  per 
square  foot  characteristics,  and, 

_2.  to  evaluate  insulation  materials  and  systems 
properties  to  assist  in  the  choice  of  the  most 
efficient  material  or  system  for  the  range  of  fire 
protection  and  weight  per  square  foot  criteria. 

The  objectives  were  accomplished  through  a  combination  of 
extensive  computer  studies  of  materials  using  the  HEAT1NG5 
computer  program  and  supportive  small  scale  laboratory  fire 
testing  using  a  two  foot  by  two  foot  furnace.  Most  studies 
were  conducted  using  the  ASTM-E119  time/temperature  curve 
as  the  simulated  fire.  Several  types  of  materials  and 
systems  were  evaluated,  including  refractory  fiber 
insulations,  opacified  particulates,  foam,  mineral  fiber, 
and  intumescent  paint  coatings. 

Large  scale  fire  testing  contracted  by  the  Navy  (NAVSEC 
Report  No.  6101-33,  dated  September  2,  1977)  showed  1-inch 
4  pcf  CERAFELT  refractory  fiber  to  pass  the  criterion  that 
the  protected  1/4  inch  aluminum  plate  could  not  exceed 
450of  after  30  minutes  exposure  to  the  ASTM-E119 
time/temperature  curve  on  the  hot  side.  The  same  material 
in  simulation  using  the  HEATING5  computer  program  allowed 
the  aluminum  plate  to  reach  450°F  after  25.5  minutes. 

This  was  used  as  a  "baseline"  material;  all  other  evaluated 
materials  were  judged  based  on  the  25  minute  rating  and  a 
0.5  psf  system  weight. 

An  opacified  particulate  material,  flexible  MIN-R,  proved 
in  computer  evaluation  to  provide  better  fire  protection 
(30.5  minutes)  at  a  lower  weight  per  square  foot  (0.40  psf) 
than  the  baseline  material.  Additionally,  installation  and 
replacement  costs  may  be  lower  for  the  flexible  MIN-K  since 
the  surface  glass  cloth  is  already  stitched  onto  the 
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material.  Also,  the  MIN-K  is  more  durable  than  CERAFELT 
refractory  fiber,  although  the  product  is  considerably  more 
expensive  than  the  refractory  fiber  product.  A  combination 
of  flexible  MIN-K  and  CERAFELT  was  also  found  to  be  equal 
in  performance,  but  lighter  than  the  current  CERAFELT 
standard. 

Equations  were  developed  to  assist  in  future  studies  of 
materials  for  fire  protection.  The  equations  approximate 
the  fire  protection  ability  of  a  material  based  on  its 
physical  properties,  specifically  C*p  and  C  where: 

pcp 

C  =  Thermal  conductance,  Btu/hr . ft2 .of 

p  =  Density,  pcf 
cp  a  Specific  heat,  Btu/lb*°F 

The  equations,  given  in  the  body  of  the  report,  apply 
individually  to  refractory  fibers,  opacified  particulates, 
and  material  combinations.  They  can  be  used  only  as  a  tool 
for  approximation,  and  should  not  be  considered  absolute. 

Intumescent  paint  coatings  were  evaluated  using  the  small 
scale  laboratory  furnace.  (HEATING5  does  not  have  the 
capability  to  simulate  intumescence.)  The  coating  added  as 
much  as  4.5  minutes  to  a  material's  "rating"  while  adding 
only  0.057  psf  to  the  system  weight. 

It  is  recommended  that: 

1.  Large  scale  laboratory  fire  tests  be  conducted  on 
the  Flexible  MIN-K  (1/2-inch,  8  pcf  core)  product, 
the  Flexible  MIN-K  (1/4-inch,  8  pcf  core)  plus 

4  pcf  CERAFELT  (1/4-inch)  system,  and  the  6  pcf 
Q-Fiber  (1  inch)  product  in  conjunction  with 
the  4  pcf  CERAFELT  (1-inch)  standard  to  confirm 
the  HEATINGS  results. 

2.  If  the  large  scale  laboratory  fire  tests  confirm 
the  HEATING5  data,  a  program  be  initiated  to 
establish  the  techniques  to  combine  the  materials 
(Flexible  MIN-K  and  CERAFELT)  into  a  single 
product,  to  apply  it  to  the  various  bulkhead  and 
structural  configurations,  and  to  evaluate  the 
cost  effectiveness  of  the  new  system. 

3.  Consideration  be  given  to  a  program  to  improve 
the  thermal  performance  of  existing  refractory 
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fiber  products  (i.e.,  Q-Fiber)  through  the 
introduction  of  opacifiers. 


4.  An  intumescent  paint  system  equivalent  to  the 
Ocean  Chemicals,  Inc.,  System  63/3342  be 
incorporated  into  the  large  scale  laboratory  fire 
tests  to  confirm  the  findings  of  the  small 
scale  fire  tests. 

5.  The  equations  developed  to  describe  the  thermal 
response  of  the  aluminum  bulkhead  be  utilized  to 
generate  comparisons  between  known  materials  and 
new  materials,  or  to  establish  the  necessary 
properties  of  a  material  for  a  certain  degree  of 
protection. 


Details  of  evaluation  methods,  results  and  conclusions  are 
located  in  the  body  of  this  report. 


INTRODUCTION 


Back  graunfl 

Aluminum,  with  its  high  strength-to-weight  ratio,  is  being 
used  extensively  in  the  superstructure  of  combat  ships  in 
order  to  achieve  greater  performance.  However,  since 
aluminum  begins  to  lose  strength  above  about  450opf  it  is 
necessary  to  protect  the  structure  from  fire  for  at  least 
some  finite  period  of  time.  At  present,  this  time  is  30 
minutes  when  the  insulation/bulkhead  system  is  subjected 
to  the  ASTM-E119  time/temperature  fire  conditions. 


The  Navy  Ship  Engineering  Center  has  sponsored  several 
studies  dating  back  to  1974  which  concluded  that 
lightweight  materials  were  available  that  could  withstand 
the  fire  environment  and  protect  the  aluminum  structure 
(see  References).  These  materials  are  low  density  (3-4 
pcf)  refractory  fiber  felts,  one  inch  thick,  faced  with 
glass  cloth  (similar  to  Navy  Hull  Board  MIL-I-742).  The 
total  weight  of  this  currently  approved  insulation 
composite  is  0.5  pounds  per  square  foot. 


Specific  thermal  insulation  system  characteristics  which 
are  of  concern  may  be  summarized  in  the  approximate  order 
of  their  importance  as  follows: 

a.  Weight  per  square  foot 

b.  Fire  protection 

c.  Room  temperature  thermal  protection 

d.  Thickness 

e.  Cost 

f.  Appearance 

g„  Acoustical  properties 


Rat.iQnalg. 

This  program  undertook  the  study  of  many  different 
materials  and  combinations  of  materials  in  order  to  provide 
the  Navy  with  a  broad  spectrum  of  capabilities,  as  well  as 
the  flexibility  to  adjust  the  insulation  system  to  meet 
changing  structural  design  requirements. 

The  problems  associated  with  providing  the  best  steady 
state  insulation  for  the  least  weight  per  square  foot,  and 
providing  a  material  which  will  block  the  penetration  of 
high  heat  fluxes  for  short  periods  of  time  were  first 
described  when  the  early  manned  spacecraft  were  still  in 
the  design  stages.  The  term  used  to  describe  the  former 
situation  is  kp,  or  thermal  conductivity  multiplied  by 
density.  The  material  having  the  lowest  kp  factor  would  be 
the  most  efficient  steady  state  insulation  on  a  weight 
basis . 

In  contrast,  the  ability  of  a  material  to  stop  the  passage 
of  a  high  heat  flux  in  a  transient  situation  is  measured  by 
k/PCp,  thermal  conductivity  divided  by  density  and 
specific  heat,  and  is  called  diffusivity.  The  lower  the 
diffusivity,  the  greater  the  capability  of  a  material  to 
resist  this  flow  of  heat.  (This  assumes  no  chemical  or 
physical  change  during  the  transient  heating  period.)  It 
will  be  noted  that  if  we  assume  that  the  specific  heat  for 
most  insulating  materials  is  about  the  same,  the  materials 
which  would  be  best  under  both  steady  state  and  transient 
situations  would  require  an  unrealistically  low  thermal 
conductivity.  Since  no  such  material  exists,  a  compromise 
is  necessary.  In  most  instances,  the  compromise  was  based 
upon  the  space  (thickness)  available  as  the  insulation 
cavity. 


In  the  case  of  ship  bulkheads,  space  available  for 
insulation  is  not  as  critical  as  in  a  manned  spacecraft. 

The  principles  of  the  kp  and  diffusivity  factors  are  still 
appropriate,  however.  Two  classes  of  materials  stand  out 
as  best  in  each  category.  The  lowest  kp  factor  is  obtained 
with  3  to  4  pcf  fibrous  felts  having  a  fiber  diameter  of 
about  1.2  microns.  Although  their  density  is  the  same  as 
the  conventional  refractory  (ceramic)  fiber  felts  currently 
specified,  the  thermal  conductivity  is  lower  due  to  the 
finer  fibers.  These  fibers  can  withstand  temperatures  up 
to  2000°F . 

The  lowest  diffusivity  is  obtained  by  a  family  of  opacified 
particulate  materials.  These  materials  have  thermal 
conductivity  values  below  that  of  still  air,  and  hence, 
considerably  below  all  fibrous  materials.  The  density  of 
these  products  ranges  from  8  pcf  to  16  pcf  for  the  flexible 
type,  and  up  to  20  pcf  for  the  rigid  type.  Both  the  low 
thermal  conductivity  and  the  high  density  provide  these 
materials  with  excellent  diffusivity  values. 

Between  these  extremes  of  physical  properties  lie  many 
materials  and  combinations  of  materials,  including  the 
refractory  fiber  felts  currently  specified.  However,  it  is 
important  to  establish  which  material,  or  possibly  which 
combination  of  materials  would  be  best  for  a  specific  set 
of  criteria.  The  lowest  weight  product  may  not  meet  the 
transient  heating  requirements,  while  the  heavier  materials 
may  not  meat  the  weight  limitations.  However,  a  system,  or 
combination  of  materials,  might  result  in  an  acceptable 
compromise. 

This  program  was  designed  to  study  a  broad  range  of 
materials  having  significantly  different  physical 
characteristics  of  density  and  thermal  conductivity.  The 
intent  was  to  establish  as  best  as  possible  a  model  which 
would  describe  how  the  various  physical  characteristics 
affected  the  performance,  and  the  potential  for  combining 
two  materials  to  achieve  better  performance.  This  study 
also  provided  for  the  determination  of  the  physical 
characteristics  necessary  should  the  temperature  or 
time-to-temperature  criteria  be  changed.  The  program  was 
primarily  a  computer  study  backed  up  by  a  few  laboratory 
tests  on  a  two  foot  by  two  foot  sample  configuration. 


5 


Qbififi-tlaflfl 


The  primary  objectives  of  this  study  may  be  summarized  as 
follows : 

a.  To  study  a  variety  of  insulation  materials  and  systems 
for  their  fire  protection  and  weight  per  square  foot 
characteristics,  and, 

b.  To  evaluate  insulation  materials  and  systems  properties 
to  assist  in  the  choice  of  the  most  efficient  material 
or  system  for  the  range  of  fire  protection  and  weight 
per  square  foot  criteria. 


DISCUSSION 


BafiKatauiul 

The  program  designed  to  achieve  the  mentioned  objectives 
was  divided  into  several  tasks.  The  first  cask  in  the 
program  was  to  identify  the  materials  to  be  included  in  the 
study  and  compile  property  data.  Selected  materials  were 
then  evaluated  for  fire  protection  ability  with  the  use  of 
an  DoE  computer  program  entitled  "HEATING5".  After 
analysis  of  these  results,  small  scale  fire  tests  in  a  two- 
foot  by  two-foot  furnace  were  done  on  some  of  the  materials 
to  compare  these  results  with  the  computer  study  results. 
Subsequently,  additional  computer  evaluations  were 
conducted  to  broaden  the  range  of  possible  materials  and 
combinations  thereof. 


Materials.  Seles, ti an 

Two  "families"  of  materials  first  considered  for  the 
evaluations  as  mentioned  earlier,  were  refractory  or 
ceramic  fibers  and  opacified  particulates.  In  addition, 
high  temperature  mineral  fiber  and,  later  in  the 
evaluation,  foam  type  insulations  were  also  considered. 
Some  insulations  traditionally  used  in  shipboard  fire 
protection  applications,  such  as  the  MARINITD  insulations, 
were  not  included  in  the  investigation.  The  high  weight 


per  square  foot  and  relatively  poor  thermal  characteristics 
precluded  their  consideration  for  the  Navy's  current 
purposes . 


Refractory  Fiber  -  The  following  refractory  fibers  were 
considered  in  this  study: 

CERAFELT,  3  pcf  to  10  pcf 
CERABLANKET,  3  pcf  to  8  pcf 

CERAFORM  Types  102,  106R,  103,  126,  141,  130  and  143 

SAFFIL  Fiber  Mat,  6  pcf 

THERMOFLEX  II,  3  pcf  to  12  pcf 

FIBERFRAX  LO-CON,  4  pcf  to  6  pcf 

Q-FIBER  felt,  3  pcf  to  6  pcf 

MICROLITE  B,  1.5  pcf  to  4.5  pcf 

KAOWOOL,  3  pcf  to  8  pcf 

CERACHROME,  6  pcf  to  10  pcf 

INSWOOL-HP,  4  pcf  to  8  pcf 

The  list  is  by  no  means  all-inclusive.  There  are  other 
refractory  fibers  available  on  the  market,  but  the 
materials  listed  cover  the  range  of  available  fibers. 

(See  Appendix  A  for  the  manufacturers  of  all  the 
materials . ) 

The  benefits  of  refractory  fiber  are  their  relatively 
low  density  and  good  thermal  properties  (compared  to  board 
or  pressed  products) .  Refractory  fiber,  however,  is  not  as 
durable  as  some  other  choices  and  would  require  a  more 
rigid  facing  or  covering  when  installed.  The  cost  of 
refractory  fiber,  with  a  few  "special"  exceptions  is 
reasonable.  The  exceptions  are  high  purity  and/or  fine 
fiber  diameter  refractory  fibers,  such  as  Q-FIBER.  The 
added  improvement  in  thermal  values  obtained  with  these 
fibers  makes  them  attractive  possibilities,  however. 


Opacified  PaxtlculAtea  -  The  following  opacified 
particulate  materials  were  considered  for  evaluation  in 
this  study: 

Lightweight  Flexible  MIN-K 
Standard  Flexible  MIN-K 
Mid-Range  Flexible  MIN-K 
High  Temperature  Flexible  MIN-K 
MIN-K  1301 
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MIN-K  2000 
MIN-K  TE1400 

Flexible  MIN-K  insulations  include  a  glass  or  quartz  cloth 
stitched  to  the  MIN-K.  The  core  densities  can  range  from  8 
pcf  to  16  pcf.  Composite  weight  per  square  foot  ranges 
from  0.20  psf  for  1/4-inch  lightweight  flexible  MIN-K  to 
0.61  psf  for  3/8~inch  high  temperature  flexible  MIN-K. 
Molded  MIN-K  densities  (Types  1301,  2000  and  TE1400)  are 
all  20  pcf  (0.42  psf  per  1/4  inch  of  thickness).  These  are 
rigid  board  materials  and  do  not  include  facing. 

The  benefits  of  the  MIN-K  materials  are  their  extremely 
good  thermal  properties.  As  a  result,  a  given  thickness  of 
MIN-K  protection  could  be  equivalent  to  a  much  greater 
thickness  of  a  different  material,  so  that  even  with  the 
added  density,  weight  per  square  foot  may  be  lower.  MIN-K 
iB  also  more  durable  and  has  a  harder  or  "cleaner"  surface 
than  fibrous  insulation.  The  cost  of  MIN-K  is,  however, 
quite  high  in  comparison  to  refractory  fibers. 


Other  -  In  addition  to  the  refractory  fibers  and 
opacified  particulates,  a  few  other  types  of  insulations 
were  considered  including  isocyanurate  foam,  mineral  fiber, 
and  intumescent  paint. 

The  benefits  of  foam  insulations  are  the  light  weight 
and  excellent  thermal  properties  they  provide. 
Unfortunately,  temperature  service  limits  for  foams  are 
fairly  low,  around  500  op  to  600  °F.  At  these 
temperatures  foams  are  destroyed  and  can  release,  in  many 
cases,  toxic  gases  when  they  burn.  As  a  result,  they  would 
be  suitable  only  for  use  in  a  multi-material  configuration, 
insulated  themselves  from  the  fire.  Deterioration  would 
also  be  a  problem  with  foams. 

Mineral  or  glass  fiber  insulations,  such  as  MICROLITE  B, 
v  are  good  insulations  and  have  relatively  low  densities. 

However,  there  are  temperature  limitations.  A  temperature 
of  much  over  800°F  would  fuse  the  glass  and  destroy  its 
protection  ability. 

» 

All  of  the  materials  under  consideration  in  this  project 
were  tabulated  along  with  their  densities,  thermal 
conductivities  and  specific  heats.  Quantification  of  these 
properties  was  necessary  for  a  material  to  be  evaluated 
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using  the  HEATINGS  computer  program.  Appendix  B  contains 
the  tabulated  values  for  each  product  listed  which  were 
obtained  from  published  literature  for  that  product.  The 
exception  is  isocyanurate  foam;  properties  were  obtained 
from  published  reports  on  the  "generic"  characteristics  of 
the  material. 

In  addition  to  investigating  materials,  some  work  was 
conducted  on  the  value  of  intumescent  paint  systems  as  an 
additional  fire  protection  measure.  HEATING5  is  not 
capable  of  simulating  the  response  of  this  coating  to  a 
fire,  however,  so  only  small  scale  fire  tests  were  used  to 
determine  the  added  benefit  of  intumescent  paint. 


HEAMNG&  Evaluations 

The  HEATING5  computer  program  was  developed  by  the  Nuclear 
Division  of  the  Union  Carbide  Corporation  at  Oak  Ridge  for 
the  Energy  Researcn  and  Development  Adm.^ii,  tration  (now 
DoE) .  The  program  is  designed  to  solve  steady-state  and 
transient  heat  conduction  problems  in  one,  two  or  three 
dimensional  Cartesian  or  cylindrical  coordinates,  or  one 
dimensional  spherical  coordinates.  Its  capabilities 
include  evaluation  of  materials  that  change  phase,  have 
temperature  dependent  properties,  and/or  time  dependent 
boundary  conditions. 

For  the  present  study,  one-dimensional  transient  heat  flow 
was  assumed.  Input  into  the  program  for  each  material 
evaluation  included  the  temperature  dependent  thermal 
conductivity,  the  temperature  dependent  specific  heat, 
density,  and  thickness  of  that  particular  material.  The 
surface  convection  coefficient  was  assumed  to  be  a  constant 
3  Btu/hr *ft2 .op  in  all  cases  in  order  to  maintain  a 
basis  for  comparison.  The  radiation  shape  factor  in  all 
cases  was  assumed  to  be  1.0,  meaning  that  all  radiation  was 
"seen"  by  both  surfaces.  Also,  boundaries  were  assumed  to 
be  black  bodies.  Boundary  conditions  were  time-dependent. 
For  the  majority  of  the  evaluations,  the  ASTM-E119  time- 
temperature  curve  was  used  to  simulate  the  fire.  A 
2000OF  temperature  pulse  was  also  simulated  with  several 
materials.  The  "cold  side”  of  the  configuration  in  all 
cases  was  maintained  at  68of.  some  evaluations  were  done 
assuming  the  1/4  inch  aluminum  plate  was  insulated  on  one 
side,  with  the  other  side  exposed  to  a  constant  68°F 
ambient.  The  majority  of  the  evaluations,  however,  were 
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done  assuming  the  plate  was  insulated  on  both  sides  with 
the  same  material (s).  Figures  1  and  2  show  the  assumed 
configurations . 

It  must  be  noted  that  computer  evaluation  results  are  not 
absolute;  actual  fire  tests  of  the  materials  evaluated  will 
not  yield  the  exact  same  results.  In  the  computer 
evaluations,  surface  and  radiative  coefficients  and  ambient 
conditions  are  held  constant  with  each  material.  In  fire 
tests,  they  may  differ  simply  due  to  the  temperature  in  the 
room  or  other  factors.  The  computer  evaluations  do  not 
account  for  any  thermal  shorts.  Instead,  one-dimensional 
heat  flow  is  assumed.  In  actual  fire  tests,  however,  some 
degree  of  heat  loss  in  other  than  the  prescribed  parallel 
path  cannot  be  avoided.  Also,  HEATINGS  is  not  capable  of 
simulating  the  effects  of  organic  binder  burn-out,  punking, 
or  exotherming,  all  of  which  greatly  impact  fire  test 
results.  The  HEATING5  program  can,  however,  give  a  very 
good  indication  of  the  relative  fire  protection  abilities 
of  different  insulations. 

In  order  to  relate  HEATING5  results  to  reality,  e.g.,  to 
what  the  response  of  the  evaluated  material  would  be  in  an 
actual  fire  situation,  a  "baseline"  material  was 
established.  The  material,  1-inch,  4  pcf  CERAFELT,  was 
chosen  because  it  passed  the  Navy  requirements  in  a  large 
scale  fire  tested  in  a  double  configuration  using  the 
ASTM-E119  time-temperature  curve,  as  reported  in  NAVSEC 
Report  No.  6101-33,  dated  September  2,  1977. 

Single  materials  were  evaluated  first  using  the  HEATING5 
program.  Composite  materials  were  also  evaluated,  as  well 
as  a  few  single  materials  with  an  air  gap  between  the 
insulation  and  the  plate. 

The  materials  listed  in  Table  1  were  evaluated  using  the 
HEATING5  program  and  the  ASTM-E119  time-temperature 
curve.  The  aluminum  plate  was  considered  to  be  insulated 
on  both  sides  in  these  evaluations. 
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FIGURE  1 


DOUBLE  INSULATED  CONFIGURATION 
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FIGURE  2 


SINGLE  INSULATED  CONFIGURATION 
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TABLE  1 


MATERIALS  EVALUATED  USING  HEATING5  DOUBLE  INSULATED 

CONFIGURATION 

ASTM-E119  TIME-TEMPERATURE  CURVE 


1-inch 

4  pcf 

CERAFELT 

1-inch 

8  pcf 

CERAFBLT 

1-1/2-inch 

6  pcf 

CERAFIBER 

3/8-inch 

10  pcf 

Core  Lightweight  Flexible 
MIN-K 

1/2-inch 

8  pcf 

Core  Lightweight  Flexible 
MIN-R 

2-inch 

4  pcf 

CERAFELT 

2-inch 

6  pcf 

CERAFIBER 

1-inch 

6  pcf 

Q-FIBER 

1-inch 

18.5  pcf 

Type  126  CERAFORM 

1/2-inch 

12  pcf 

THERMOFLEX  II 

1-1/2-inch 

6  pcf 

SAFFIL  FIBER 

1-1/2-inch 

6  pcf 

LO-CON 

1-1/2-inch 

8  pcf 

KAOWOOL 

1-1/4-inch 

8  pcf 

INSWOOL 

1-1/4  inch 

6  pcf 

Q-FIBER 

1-1/2  inch 

4.5  pcf 

MICROLITE  B 

3/ 4-inch 

20  pcf 

MIN-K  1301 

1-inch 

20  pcf 

MIN-K  2000 

1/2-inch 

20  pcf 

MIN-K  TE1400 

3/8-inch 

20  pcf 

MIN-K  1301 

3/8-inch 

20  pcf 

MIN-K  2000 

3/8-inch 

20  pcf 

MIN-K  TE1400 

3/4-inch 

12  pcf 

THERMOFLEX  II 

1-inch 

13.5  pcf 

CERAFORM  103 

1-inch 

8  pcf 

KAOWOOL 

1/2-inch 

6  pcf 

Q-FIBER 

1-inch 

6  pcf 

LO-CON 

The  materials  shown  in  Table  2  were  evaluated  using  the 
HEATING5  program  and  the  ASTM-E119  time-temperature  curve. 
The  aluminum  plate  was  assumed  to  be  insulated  on  the  fire 
side  only. 
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TABLE  2 


MATERIALS  EVALUATED  WITH  HEATING5  -  SINGLE  SIDE  INSULATED 

CONFIGURATION 

ASTM-E119  TIME- TEMPERATURE  CURVE 


2-inch 

4 

pcf 

1/2-inch 

8 

pcf  Core 

1-inch 

8 

pcf 

3/8-inch 

10 

pcf  Core 

1  inch 

4 

pcf 

2-inch 

6 

pcf 

1-1/2  inch 

6 

pcf 

1-1/2  inch 

6 

pcf 

1-inch 

6 

pcf 

1-1/2  inch 

6 

pcf 

1/2-inch 

12 

pcf 

1-inch 

18 

.5  pcf 

1-1/2-inch 

8 

pcf 

1-1/4-inch 

8 

pcf 

1-1/4-inch 

6 

pcf 

1-1/2-inch 

4 

.5  pcf 

3/4-inch 

20 

pcf 

1-inch 

20 

pcf 

1/2-inch 

20 

pcf 

CERAFELT 

Lightweight  Flexible  MIN-K 
CERAFELT 

Lightweight  Flexible  MIN-K 

CERAFELT 

CERAFIBER 

CERAFIBER 

SAFFIL 

Q-FIBER 

LO-CON 

THERMOFLEX  II 
Type  126  CERAFORM 
KAOWOOL 
INSWOOL 
Q-FIBER 
MICROLITE  B 
MIN-K  1301 
MIN-K  2000 
MIN-K  TE1400 


Table  3  lists  the  material  combinations  evaluated  using  the 
HEATING5  program  and  the  ASTM-E119  time-temperature  curve. 
The  aluminum  plate  was  assumed  to  be  insulated  on  both 
sides  in  these  evaluations.  In  all  cases,  the  material 
listed  first  was  the  one  assumed  to  be  exposed  to  the 
fire. 
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TABLE  3 


MATERIAL  COMBINATIONS  EVALUATED  WITH  HEATINGS  -  DOUBLE 
INSULATED  CONFIGURATIONS 

ASTM-E119  TIME-TEMPERATURE  CURVE 


1/4-inch,  18.5  pcf  CERAFORM  126  +  1/2-inch,  6  pcf,  Q-FIBER 
1/4-inch,  8  pcf  Core  L.W.  Flexible  MIN-K  +  1/4-inch,  4  pcf, 
CERAFELT 

1/4-inch,  18.5  pcf  CERAFORM  126  +  1/2-inch,  6  pcf,  LO-CON 
1/4-inch,  20  pcf  MIN-K  TE1400  +  1/4-inch  4.5  pcf 
MICROLITE  B 

1/4-inch,  8  pcf  Core  L.W.  Flexible  MIN-K  +  1-inch,  4  pcf, 
CERAFELT 

1/2-inch,  18.5  pcf  CERAFORM  126  +  1/4-inch  AIR  GAP 
1/2-inch,  12  pcf,  THERMOFLEX  II  +  1/2-inch  AIR  GAP 
1/2-inch,  4  pcf  CERAFELT  +  1-inch,  3  pcf  ISOCYANURATE  FOAM 
1-inch,  4  pcf  CERAFELT  +0.1  inch  ALUMINUM  SKIN 
1-inch,  4  pcf,  CERAFELT  +  0.05-inch  ALUMINUM  SKIN 
1-inch,  4  pcf,  CERAFELT  +  0.2-inch  ALUMINUM  SKIN 
1/2-inch,  6  pcf,  Q-FIBER  +  1/2-inch,  3  pcf 
ISOCYANURATE  FOAM 

1/2-inch,  6  pcf,  Q-FIBER  +  1-inch,  3  pcf  ISOCYANURATE  FOAM 
1/2-inch,  4  pcf,  CERAFELT  +  1/2-inch,  3  pcf 
ISOCYANURATE  FOAM 

1/2-inch,  4  pcf,  CERAFELT  +  1/4-inch,  3  pcf 
ISOCYANURATE  FOAM 

1/4-inch,  20  pcf  MIN-K  TE1400  +  1/2-inch,  3  pcf 
ISOCYANURATE  FOAM 

1/4-inch,  8  pcf  Core  L.W.  Flexible  MIN-K  +  1/2-inch 
ISOCYANURATE  FOAM 

1/4-inch,  8  pcf  Core  L.W.  Flexible  MIN-K  +  1/4-inch,  3  pcf 
ISOCYANURATE  FOAM 


The  materials  and  combinations  of  materials  listed  in  Table 
4  were  evaluated  using  the  HEATINGS  program  and  a  2000op 
temperature  pulse.  The  material  listed  first  in  the 
combination  is  the  one  assumed  to  be  exposed  to  fire. 

(This  evaluation  condition  was  suggested  by  Mr.  J.  Morris 
to  Mr.  R.  C.  Manahan  of  Johns-Manville  during  a  visit  by 
Mr.  Manahan  to  the  Naval  Ship  Research  and  Development 
Center . ) 


TABLE  4 


MATERIALS  AND  COMBINATIONS  EVALUATED  WITH  HEATING 5  - 
DOUBLE  INSULATED  CONFIGURATION 

2000OF  TEMPERATURE  PULSE 


3/8-inch 

20  pcf 

MIN-K  TE1400 

1-1/4-inch 

6  pcf 

Q-FIBER 

1-inch 

18.5  pcf 

CERAFORM  126 

1-1/2-inch 

8  pcf 

KAOWOOL 

1/4-inch 

18.5  pcf 

CERAFORM  126  +  1/2-inch,  6  pcf, 
Q-FIBER 

1/4-inch 

8  pcf  Core 

L.W.  Flexible  MIN-K  +  1/4  inch, 

4  pcf,  CERAFELT 

1/4-inch 

20  pcf 

MIN-K  TE1400  +  1/4-lnch,  4.5  pcf 
MICROLITE  B 

1-inch 

6  pcf 

CERAFELT 

3/4-inch 

12  pcf 

THERMOFLEX  II 

2-inch 

6  pcf 

CERAFIBER 

1/4-inch 

8  pcf  Core 

L.W.  Flexible  MIN-K  +  1-inch, 

4  pcf,  CERAFELT 

1/4-inch 

18.5  pcf 

CERAFORM  126  +l/2-inch,  6  pcf, 
LO-CON 

1/4-inch 

13.5  pcf 

CERAFORM  103  +  .1/2- inch,  4  pcf, 
CERAFELT 

1-inch 

6  pcf 

LO-CON 

The  temperatures  at  several  nodes  in  the  configurations 
were  printed  out  so  that  a  complete  temperature  profile  was 
established.  The  temperature  of  the  insulated  aluminum 
plate  was  of  primary  importance  and  was  graphed  for  each 
evaluation.  The  criterion  of  acceptance  set  forth  by  the 
Navy  was  that  the  temperature  of  the  aluminum  plate  could 
not  exceed  450<>f  after  30  minutes  of  exposure,  when  using 
the  ASTM-E119  time-temperature  curve.  In  large  scale  fire 
testing  contracted  by  the  Navy  (NAVSEC  Report  6101-33, 
mentioned  previously) ,  1-inch  4  pcf  CERAFELT,  the  chosen 
baseline  material,  met  this  requirement,  the  plate  reaching 
450OF  after  30-32  minutes.  A  HEATINGS  evaluation  of  1- 
inch  4  pcf  CERAFELT  showed  the  aluminum  plate  to  reach 
450Of  after  only  25.5  minutes.  As  a  result,  all 
materials  and  combinations  that  were  evaluated  and  found  to 
prevent  plate  temperature  from  exceeding  450OF  after  25 
minutes  when  using  ASTM-E119  were  considered  to  be 
acceptable . 
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The  criterion  of  acceptance  set  forth  by  the  Navy  for 
aluminum  plate  response  to  the  2000°F  temperature  pulse 
is  a  maximum  of  400op  after  20  minutes.  The  "baseline" 
material,  1-inch,  4  pcf,  CERAFELT,  allowed  the  plate  to 
reach  400op  after  only  8  minutes.  (The  aluminum  plate 
temperature  at  20  minutes  into  the  simulation  was  881°F.) 
Eight  minutes  was  considered  acceptable,  then,  when 
evaluations  using  the  2OO0OF  temperature  pulse  were 
conducted. 


zii.fi.  Testing 

As  a  secondary  part  of  this  contract,  laboratory  fire  tests 
were  conducted  on  a  small  two-foot  by  two-foot  furnace. 

The  configuration  tested  was  the  same  as  that  evaluated 
with  HEATINGS  and  shown  in  Figure  1,  "double"  insulated. 

Thermocouples  and  a  datalogger  were  used  to  monitor 
surface,  ambient  and  aluminum  plate  temperatures. 

Placement  of  the  thermocouples  is  shown  in  Figure  3.  A 
control  thermocouple  and  temperature  controller  were  used 
to  adhere  the  hot  side  boundary  condition  to  the  ASTM-E119 
time-temperature  curve. 

It  must  be  mentioned  that  a  fire  test  on  the  scale  of  uwo- 
feet  by  two-feet  cannot  give  a  true  representation  ol 
material  protection  ability.  Error  is  introduced  in  t  wj 
edge  heat  loss  and  in  control  response  time  lag.  (The  AS'^M- 
E119  curve  could  not  be  duplicated  exactly  due  to  control 
response  lags.)  These  errors  are  somewhat  consistent 
however,  and  thus  the  small  scale  tests  were  helpful  in 
comparing  relative  results  with  HEATING5  evaluations. 

The  laboratory  fire  tests  were  also  necessary  in  testing 
the  effectiveness  of  intumescent  paint  in  adding  fire 
protection  to  an  insulation  system.  Materials  were  tested 
without  the  paint  coating  in  the  furnace  and  then  again 
with  the  paint.  The  intumescent  paint  tested  was  Ocean 
Chemicals,  incorporated.  System  Ocean  634/3342  system.  The 
protective  contribution  of  the  paint  during  a  fire  could 
not  be  simulated  using  HEATING5,  but  could  be  determined 
using  the  small  scale  fire  test  comparative  results. 


Table  5  is  a  list  of  the  materials  laboratory  tested  in  the 
two-foot  by  two-foot  furnace  using  the  ASTM-E119 
time-temperature  curve.  The  aluminum  plate  was  insulated 
on  both  sides. 


TABLE  5 

*  MATERIALS  EVALUATED  IN  SMALL  SCALE  FIRE  TESTS  -  DOUBLE 

INSULATED  CONFIGURATION 

ASTM-E119  TIME-TEMPERATURE  CURVE 


1-inch 

18, 

,  5  pcf 

1-inch 

8 

pcf 

3/8-inch 

10 

pcf 

3/8-inch 

20 

pcf 

3/8-inch 

20 

pcf 

1/2-inch 

6 

pcf 

1-1/2-inch 

8 

pcf 

1-inch 

6 

pcf 

1-inch 

6 

pcf 

1-inch 

4 

pcf 

1-inch 

8 

pcf 

1-1/2-inch 

4 

pcf 

1-1/2-inch 

6 

pcf 

CERAFORM  126 
KAOWOOL 

Core  L.W.  Flexible  MIN-K 

MIN-K  1301 

MIN-K  TE1400 

Q-FIBER 

KAOWOOL 

Q-FIBER 

LO-CON 

CERAFELT 

CERAFELT 

CERAFELT 

CERAFIBER 


The  last  four  materials  listed  were  tested  again  with 
intumescent  paint  applied.  A  glass  reinforced  mylar  was 
included  on  the  material  surfaces  both  with  and  without  the 
intumescent  paint.  The  purpose  of  the  mylar  was  to  have  a 
paintable  surface  for  these  tests. 


RESULTS 

HEATINGS  Eyaluatiana 

»  The  results  from  the  HEATINGS  evaluations  are  given  in 

,  detail  in  Appendix  C.  Both  tables  and  graphs  are  included 

for  results  from  the  ASTM-E119  heat  up  and  the  2Q00of 
pulse  temperature.  The  major  part  of  the  discussion  of 
results,  the  conclusions  and  the  recommendations,  however. 
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will  be  addressed  to  the  ASTM-E119  time-temperature  curve 
evaluations  due  to  the  greater  applicability  and  larger 
data  base  available  with  this  given  boundary  condition. 


HEftUHSi- 


-  Doable 


The  results  discussed  in  the  following  paragraphs  are  from 
HEATING5  evaluations  assuming  a  double-sided  configuration 
as  shown  in  Figure  1.  This  configuration  is  essentially 
the  most  applicable  to  Navy  requirements;  any  material  that 
can  meet  the  criterion  of  acceptance  in  this  "double" 
configuration,  can  also  be  assumed  to  meet  it  in  a 
"single-side"  configuration.  The  materials  listed  in 
Table  6  passed  the  "modified"  requirement  (explained 
earlier)  of  aluminum  plate  temperature  maximum  of  450of 
after  25  minutes  of  exposure  to  the  ASTM-E119  time- 
temperature  curve.  The  table  lists  the  acceptable 
materials  in  order  of  increasing  weight  per  square  foot. 

As  apparent  in  the  table,  only  one  material,  a  composite, 
met  the  25  minute  requirement  and  weighed  less  per  square 
foot  than  the  baseline  material,  1-inch  4  pcf  CERAFELT. 

The  composite  consisted  of  1/4-inch  flexible  MIN-K  and  1/4- 
inch  4  pcf  CERAFELT  and  weighed  only  0.28  psf  compared  to 
0.33  psf  for  1-inch  4  pcf  CERAFELT.  An  additional  weight 
savings  is  realized  due  to  the  fact  that  the  composite 
mentioned  is  glass  cloth-faced  in  its  original  form.  The 
plain  CERAFELT  would  need  an  added  glass  cloth  facing, 
resulting  in  an  approximate  total  of  0.5  psf  as  currently 
installed.  The  glass  cloth  facing  is  not  a  significant 
contributor  to  the  fire  protection  ability  of  the  system. 
Other  materials  that  weighed  about  0.5  psf  and  met  the  25 
minute  criterion  included  1-inch  6  pcf  LO-CON,  1-inch  6  pcf 
Q-F1BER,  1/4-inch  MIN-K  TE1400  +  1/4-inch  4.5  pcf  MICROLITE 
B,  1/4-inch  Flexible  MIN-K  +  1-inch  4  pcf  CERAFELT  and  1/2- 
inch,  8  pcf  Core  Flexible  MIN-K. 


TABLE  6 


HEATING5  EVALUATIONS  -  MATERIALS  TO  MEET  MAXIMUM  450OF 
AFTER  25  MINUTES  (Increasing  psf  Order) 

Double  Insulated  Configuration 


Wt.per  Sq. 
££..rfiSX 


Min.  To 


1/4-inch  8  pc f  Core  Flex.  MIN-K  + 
1/4-inch  4  pcf  CERAFELT 


0.28 


1-inch  4  pcf  CERAFELT 


0.33 


25.5 


1/2-inch,  8  pcf  Core  L.W.  Flexible  MIN-K  0.40  30.5 

1-inch  6  pcf  0-FIBER  0.50  27 

1-inch  6  pcf  LO-CON  0.50  26 

1/4-inch  20  pcf  MIN-K  TE1400  +  1/4-inch  0.51  36 

4.5  pcf  MICROLITE  B 

1/4-inch,  8  pcf  Core  Fix.  MIN-K  +  1  inch  0.53  42 

4  pcf  CERAFELT 

1-1/2-inch  4.5  pcf  MICROLITE  B  0.56  32 

3/8-inch  20  pcf  MIN-K  TE1400  0.62  59 

3/8-inch  20  pcf  MIN-K  1301  0.62  45 

3/8-inch  20  pcf  MIN-K  2000  0.62  50 

1- 1/4-inch  6  pcf  Q-FIBER  0.62  32 

1/4-inch  18.5  pcf  CERAFORM  126  +  1/2-inch  0.64  30 

6  pcf  Q-FIBER 

1/4-inch  18.5  pcf  CERAFORM  126  +  1/2-inch  0.64  28 

6  pcf  LO-CON 

2- inch  4  pcf  CERAFELT  0.67  31 

1-inch  8  pcf  CERAFELT  0.67  27 

1-inch  8  pcf  KAOWOOL  0.67  26 

1-1/2-inch  6  pcf  SAFFIL  0,75  36 

1-1/2-inch  6  pcf  LO-CON  0.75  32 

1/2-inch  18.5  pcf  CERAFORM  126  +  1/4-inch 

AIR-GAP  0.75  29 

3/4-inch  12  pcf  THERMOFLEX  II  0.75  28.5 

1-1/2-inch  6  pcf  CERAFIBER  0.75  28 

1/2-inch  20  pcf  MIN-K  TE1400  0.83  49 

1-1/4-inch  8  pcf  INSWOOL  0.83  31 

1- 1/2-inch  8  pcf  KAOWOOL  1.0  36.5 

2- inch  6  pcf  CERAFIBER  1.0  35 

1-inch  13.5  pcf  CERAFORM  103  1.12  42 

3/4-inch  20  pcf  MIN-K  1301  1.25  70 

1-inch  18.5  pcf  Type  126  CERAFORM  1.54  33 

1-inch  20  pcf  MIN-K  2000  1.67  85 


The  above  listing  and  tables  mentioned  do  not  include 
results  from  material  composites  which  contain  foam  as  a 
component  nor  results  of  evaluations  with  thin  aluminum 
skins  on  the  fire  surface  of  the  configuration.  These 
subjects  will  be  discussed  separately  in  the  report. 

After  evaluations  were  completed,  an  attempt  was  made  to 
characterize  the  response  time  in  minutes  to  450OF  as  a 
function  of  some  physical  property  or  properties  of  the 
material (s)  involved.  Results  were  plotted  several  times 
in  pounds  per  foot  squared  versus  tine  to  450°F,  k.p 
versus  time  to  450OF,  pep—  versus  time  to  450op, 
thickness  versus  time  to  450OF,  etc.  The  data  seemed 
most  consistently  to  fit  a  smooth  curve  when  CP  ,  •£•§—  or 
some  product  of  the  two  were  plotted.  The  C  in  the  term  is 
conductance  in  Btu/hr • f t2 .op,  or  thermal  conductivity 
divided  by  thickness.  The  quantity  of  the  material 
evaluated  is  thus  taken  into  account  in  the  analysis.  It 
also  became  apparent  during  the  plotting  of  the  data  that 
the  opacified  particulate  and  refractory  fiber  materials 
were  distinctively  different  and  could  not  be  "lumped" 
together  for  characterization.  In  addition,  and  somewhat 
more  obviously,  the  composite  configurations  had  to  be 
characterized  separately.  Therefore,  three  separate 
regressions  were  done  to  characterize  the  data  and  three 
separate  equations  were  developed,  one  for  single 
refractory  fiber-type  insulations,  one  for  single  opacified 
particulate-type  insulations,  and  one  for  composite  (two 
material)  configurations  regardless  of  type. 


Fiber 

An  "all  possible  subsets"  regression  was  done  on  the 
minutes  to  450°F  data  from  the  HEATING5  evaluations  as  a 
function  of  material  properties.  Nineteen  data  points  were 
available  on  single  refractory  fiber  materials.  The 
following  combinations  of  CP (A)  and  C  (b)  were 
considered  in  the  regression:  pcp 


Note:  On  properties  that  change  with  temperature  such  as 
thermal  conductivity,  the  products  property  value  at 
1000°F  was  used  for  consistency. 


A 

B 

A*  B 

A.B2 

B2 


A2 

A/B 

B/A 

B2/A 

A+B 


The  R-square  values  (a  statistical  term)  for  each  of  the 
above,  which  show  the  percentage  of  the  data  variation 
accounted  for  by  that  particular  variable,  are  given  in 
Table  7 . 

TABLE  7 

ALL  POSSIBLE  SUBSETS  REGRESSION  OF  REFRACTORY  FIBER 


Variable* 

E-SquALfi 

Eei.£&Q 

B/A 

0.00022 

0.0 

A/B 

0.00735 

0.7 

b2/a 

0.047 

4.7 

b2 

0.255 

25.5 

A 

0.275 

27.5 

A+B 

0.309 

30.9 

A2 

0.327 

32.7 

B 

0.358 

35.8 

A*B2 

0.631 

63.1 

A*B 

0.713 

71.3 

*  A  »  CP 


lie 


The  regression  showed  that  approximately  71  percent  of  the 
variation  in  the  time  to  450op  is  attributable  to  the 
c*p  X  p-6-c- •  -  of  the  material.  A  linear  regression 
obtain  afi  equation  characterizing  minutes  to  450<>P  as  a 
*  function  of  this  variable  yielded  the  following  result: 

Minutes  =  35.44  -  2.37  (CP  x  Equation  1 

Pcp 

The  95  percent  confidence  level  was  ±1.8  minutes,  while  the 
90  percent  confidence  level  was  ±1.5  minutes. 


Qpfl.clf.l&d  Particulate 

An  "all  possible  subsets"  regression  was  done  on  the 
minutes  to  450°F  data  from  the  HEATING5  evaluations  as  a 
function  of  material  properties.  Eight  data  points  were 
available  on  single  opacified  particulate  materials. 

r 

The  same  combinations  of  CP  and  — pxrp  were  considered  in 
this  regression  as  in  the  refractory  fiber  materials.  The 
results,  however,  were  different.  The  following  R-square 
values  were  obtained  in  this  regression: 
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TABLE  8 


ALL  POSSIBLE  SUBSETS  REGRESSION  OP  OPACIFIED  PARTICULATE 


Variable* 

Efii.c.fi,ntage 

a2 

0.040 

4.0 

A 

0.087 

8.7 

A+B 

0.100 

10.0 

B2/A 

0.685 

68.5 

B/A 

0.690 

69.0 

A.B 

0.697 

69.7 

A.Bb 

0.700 

70.0 

B2 

0.706 

70.6 

A/B 

0.743 

74.3 

B 

0.826 

82.6 

♦ 


♦ 


t . 

w 

t' 


'f 


*  A  =  Cp 


B  = 

Pep 


The  regression  showed  that  approximately  83  percent  of  the 
variations  in  the  time  to  450°F  data  is  attributable  to 
the  thermal  diffusivity,  pep ~r  of  the  material.  A  linear 
regression  to  obtain  an  equation  characterizing  minutes  to 
450QF  as  a  function  of  thermal  diffusance  yielded  the 
following  result: 


Minutes  «  84.78  -  222.84 

Pcp 

The  95  percent  confidence  level  was  ±8.5  minutes 
90  percent  confidence  level  was  ±6.7  minutes. 


Equation  2 
while  the 
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A 


An  "all  possible  subsets"  regression  was  done  on  the 
minutes  to  450OF  data  from  the  HEATINGS  evaluations  of 
composite  materials  as  a  function  of  the  materials* 
properties.  Six  data  points  were  available  on  composite 
materials. 

The  following  combinations  of  cP (A)  of  the  "outer"  (hot) 
material,  Cp(B)  of  the  "inner"  (cold)  material,  (-^ — )j 
(X)  of  the  "outer"  material,  and  (frcp  -)2  (D)  of  tnep inner 
material  were  considered  in  the  regression: 


A 

A*X 

( A*X) +(B*D) 

R 

A«D 

A*B*X*D 

X 

B*X 

A»B»X 

D 

X2.B 

A«B*D 

A*  B 

D2.B 

A.X.D 

X  •  D 

X2.  A 

B-X.D 

The  R-square  values  obtained  in  the  regression  for  each  of 
the  above  are  shown  in  Table  9. 


TABLE  9 


ALL  POSSIBLE  SUBSETS  REGRESSION  OP  COMPOSITE  MATERIALS 


Variable* 

E-Sauare 

EBlfittQfctta.fi 

X 

0.026 

2.6 

D2.B 

0.146 

14.6 

D 

0.147 

14.7 

A 

0.198 

19.8 

B 

0.233 

23.3 

X«D 

0.232 

24.2 

B.X.D 

0.242 

24.2 

X2.B 

0.274 

27.4 

A-X 

0.325 

32.5 

X2 .  a 

0.334 

33.4 

B.X 

0.372 

37.2 

A.B.D 

0.431 

43.1 

A.  B 

0.433 

43.3 

A.X+B.D 

0.434 

43.4 

A»B*D*D 

0.565 

56.5 

A.D 

0.684 

68.4 

A-X.D 

0.739 

73.9 

A* B.X 

*A  *  (Cp)! 

B  -  (CP)  2 

X  *  (  C  ) 
pcp  1 

D  “  (-—  )y 

Pep  2 

0.807 

80.7 

The  regression  showed  that  approximately  81  percent  of  the 
variations  in  the  time  to  450°F  data  was  attributable  to 
Cpi  X  Cp2  X  (  p7?r)l,  or  the  product  of  both 
materials'  Cp  properties  and  the  "outer"  material's  thermal 
diffusivity.  A  linear  regression  of  minutes  to  450<>f  on 
this  product  yielded  the  following  results 

Minutes  **  42^49  -  0.0736  Cp  ^ P 2 .  C  —  ?  1  Equation  3 
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The  95  percent  confidence  level  was  ±4,7  minutes,  while  the 
90  percent  confidence  level  waB  ±3.6  minutes. 

These  equations  are  by  no  means  meant  to  be  absolute. 
Physical  properties  not  considered  may  make  the  equations 
more  exact.  Thermal  values  obtained  at  lOOOop  may  not  be 
the  most  representative  of  the  material,  and  a  nonlinear 
model  would  probably  fit  the  curve  more  precisely. 

However,  the  equations  can  be  useful  in  considering 
possible  materials  in  the  future.  They  can  be  used  as  a 
quick  screening  tool  to  sort  out  the  most  likely  material 
candidates  for  further  evaluation  and  study. 


HEATINGS  EyaluaUana  -  Single,  side  insulation 

Several  materials  were  evaluated  simulating  a  one-sided 
insulation  condition  as  shown  in  Figure  2.  Any  insulation 
system  found  to  be  acceptable  in  regard  to  performance  in 
the  double  sided  configuration  (Figure  1)  would  be 
acceptable  performance-wise  in  the  single  sided 
application.  It  may  be  possible,  however,  to  use  a 
different  system  that  would  trade  the  excess  in  fire 
protection  performance  for  a  weight  per  square  foot, 
thickness,  cost  or  appearance  improvement. 

This  possibility  has  not  been  examined  thoroughly,  but  some 
evaluations  were  done.  Table  10  lists  all  the  materials 
evaluated  in  a  one-sided  configuration,  their  weight  per 
square  foot  and  the  temperature  of  the  aluminum  plate  after 
30  minutes  exposure  to  the  ASTM-E119  time-temperature 
curve.  Minutes  to  450<>F  for  the  evaluations  are  not 
reported;  in  only  two  cases  did  the  aluminum  plate  reach 
450OF  within  the  120  minute  period  of  evaluation.  Only 
one  of  those,  1/2-inch  12  pcf  THERMOFLEX  II,  reached 
450OF  within  30  minutes,  at  13  minutes. 

Table  11  shows  the  materials  which  did  at  least  as  well  in 
evaluation  as  1-inch  4  pcf  CERAFELT.  One  material, 

1/2-inch  8  pcf  core  lightweight  flexible  MIN-K  was 
essentially  equivalent  to  the  CERAFELT  in  terms  of  fire 
protection  ability,  both  just  over  300  op  at  30  minutes. 

But  the  flexible  MIN-K's  total  weight  per  square  is  0.40 
psf  compared  with  CERAFELT  plus  a  glass  cloth  facing  at 
about  0.5  psf. 


TABLE  10 


HEATINGS  EVALUATIONS  -  SINGLE  SIDED  CONFIGURATIONS 
ASTM-E119  TIME-TEMPERATURE  CURVE 
(Increasing  psf  Order) 


Weight 

Temp. 

Per  Square 

at  30 

Foot 

Min. 

ttatfeilal  BfiSfiilpllttn 

psf 

l-inch  4  pcf  CERAFELT 

0.33 

304 

3/8-inch  10  pcf  Core  L.W.  Flexible 

MIN-K  0.35 

358 

1/2-inch  8  pcf  Core  L.W.  Flexible 

MIN-K  0.40 

307 

1-inch  6  pcf  Q-FIBER 

0.50 

281 

1/2-inch  12  pcf  THERMOFLEX  II 

0.50 

669 

1-1/2-inch  4.5  pcf  MICROLITE  B 

0.56 

239 

1-1/4-inch  6  pcf  Q-FIBER 

0.62 

242 

2-inch  4  pcf  CERAFELT 

0.67 

254 

1-inch  8  pcf  CERAFELT 

0.67 

300 

1-1/2-inch  6  pcf  SAFFIL 

0.75 

232 

1-1/2-inch  6  pcf  LO-CON 

0.75 

244 

1-1/2  inch  6  pcf  CERAFIBER 

0.75 

285 

1/2-inch,  20  pcf  MIN-K  TE1400 

0.83 

182 

1-1/4-inch  8  pcf  INSWOOL 

0.83 

260 

1-1/2-inch  8  pcf  KAOWOOL 

1.0 

223 

2-inch  6  pcf  CERAFIBER 

1.0 

232 

3/4-inch ,  20  pcf  MIN-K  1301 

1.25 

140 

1-inch,  18.5  pcf  Type  126  CERAFORM 

1.54 

264 

1-inch,  20  pcf  MIN-K  2000 

1.67 

119 

■*v* 


TABLE  11 


HEATINGS  EVALUATIONS  -  SINGLE  SIDED  CONFIGURATION 
MATERIALS  TO  PERFORM  AS  WELL  AS  BASELINE  MATERIAL 
(Increasing  psf  Order) 


Weight 

Per  Square 

Temp,  at 

Foot 

30  Min 

Material.  Description 

fifii 

1-inch  4  pc f  CERAFELT 

0.33 

304 

1/2-inch  8  pcf  Core  L.W.  Flexible 

MIN-K  0.40 

307 

1-inch  6  pcf  Q-FIBER 

0.50 

281 

1-1/2-inch  4.5  pcf  Microlite  B 

0.56 

239 

1-1/4-inch  6  pcf  Q-FIBER 

0.62 

242 

2-inch  4  pcf  CERAFELT 

0.67 

254 

1-inch  8  pcf  CERAFELT 

0.67 

300 

1-1/2-inch  6  pcf  SAFFIL 

0.75 

232 

1-1/2-inch  6  pcf  LO-CON 

0.75 

244 

1-1/2-inch  6  pcf  CERAFIBER 

0.75 

285 

1/2-inch,  20  pcf  KIN-K  TE1400 

0.83 

182 

1/1/4-inch  8  pcf  INSWOOL 

0.83 

260 

1-1/2- inch  8  pcf  KAOWOOL 

1.0 

223 

2-inch  6  pcf  CERAFIBER 

1.0 

232 

3/4-inch,  20  pcf  MIN-K  1301 

1.25 

140 

1-inch,  18.5  pcf  Type  126  CERAFORM 

1.54 

264 

1-inch,  20  pcf  MIN-K  2000 

1.67 

119 
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HEAlIMfiS  Evaiuatianfl  -  Almnlaum  fiJiin  Surla.ce 


The  possibility  of  extending  the  time  to  450op  rating  of 
any  given  material  by  adding  a  thin  layer  of  aluminum  to 
the  surface  that  is  exposed  to  the  fire  was  investigated. 
CERAFELT  (1-inch  4  pcf)  was  again  used  as  a  base  material. 
Heating  5  evaluations  of  aluminum  skins  0.05  inches,  0.10 
inch  and  0.20  inches  thick  were  conducted.  The  aluminum 
skin  added  some  additional  fire  protection  to  the 
CERAFELT.  Table  12  (following)  shows  the  response  of  the 
insulated  aluminum  plate  with  time  for  plain  CERAFELT  as 
well  as  CERAFELT  with  the  aluminum  skin  at  three 
thicknesses.  Adding  a  0.05  inch  aluminum  skin  contributed 
0.5  minutes  to  the  plate's  time  to  450  of.  The  0.10  inch 
skin  added  1.0  minutes  and  the  0.20  inch  skin  1.5  minutes 
to  the  time  rating  of  plain  CERAFELT.  The  added  weight 
per  foot  squared  of  each  of  these  aluminum  skins  would  be 
0.7  psf  for  0.05  inch  thickness,  1.4  psf  for  0.10  inch  and 
2.8  psf  for  0.20  inch  thickness. 


TABLE  12 

HEATING5  EVALUATIONS  -  ADDITION  OF  ALUMINUM  SKIN  SURFACE 
DOUBLE  INSULATED/ASTM-E119  TIME-TEMPERATURE  CURVE 


Material 

Aluminum 

Skin 

Thickness 

Time  to 

450OF 

Minutes 

Pounds 

Per 

Square 

Foot 

csi 

l-inch 

4 

pcf 

CERAFELT 

0.0 

25.5 

0.33 

1-inch 

4 

pcf 

CERAFELT 

0.05 

26.0 

1.03 

1-inch 

4 

pcf 

CERAFELT 

0.10 

26.5 

1.73 

1-inch 

4 

pcf 

CERAFELT 

0.20 

27.0 

3.13 

31 


HEATING5  Evaluations  -  TflfflBfll.atMrg  PUlSfi 

Several  materials  were  evaluated  using  the  HEATING5 
program  and  a  2000°F  temperature  pulse.  The  insulations 
were  assumed  to  be  in  a  doubled-sided  configuration 
(Figure  l).  Both  single  and  composite  materials  were 
evaluated  using  this  boundary  condition. 

Table  13  lists  the  evaluation  results  for  both  single 
materials  a.id  composites  in  order  of  increasing  weight  per 
square  foot.  One  composite,  1/4-inch  8  pcf  core 
lightweight  flexible  MIN-K  plus  1/4-inch  4  pcf  CERAFEI.T  met 
the  "modified"  requirement  on  time  to  400°F  (8  minutes) 
and  weighed  less  per  square  foot  than  1-inch  4  pcf 
CERAFELT,  the  "baseline"  material.  The  weight  per  square 
foot  of  this  composite  was  0.28  psf. 

With  one  exception,  all  of  the  materials  evaluated 
outperformed  the  1-inch  4  pcf  CERAFELT  baseline  requirement 
of  eight  minutes  to  400°F.  The  exception  was  1/4-inch 
CERAFORM  103  plus  1/2-inch  4  pcf  CERAFELT,  which  allowed  the 
aluminum  plate  to  reach  400°F  after  only  seven  minutes 
into  the  simulation. 

Isocyanurate  foam  was  considered  for  use  as  part  of  a 
composite  fire  protection  insulation.  In  all  cases,  the 
foam  was  considered  to  be  on  the  "inside",  adjacent  to  the 
aluminum  plate,  and  therefore  not  directly  exposed  to  the 
fire . 

Isocyanurate  foams  in  several  thicknesses  and  with  a 
variety  of  companion  materials  were  evaluated  using 
the  HEATING5  program.  The  ASTM-E119  time-temperature 
curve  was  used  and  the  double  insulated  configuration 
simulated.  The  foam  was  assumed  to  have  a  density  of 
3pcf,  an  apparent  thermal  conductivity  ranging  from 
0.112  Btu ♦ in/hr • ft2 .°f  at  50<>F  mean  to  0.384  at 
600°F  mean  temperature.  Specific  heat  was  assumed  to  be 
equivalent  to  that  of  freon,  or  0.134  Btu/lb*OF  at  60OF 
mean  to  0,162  at  440°F  mean.  Results  from  the  evaluations 
are  given  in  graphical  form  in  Appendix  E  and  in  Table  14. 
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TABLE  13 

HMTING5  EVALUATIONS  -  2000Op  TENPEPATGPE  posse 
DOUBLE  INSULATED  CONFIGURATION 
(Increasing  psf  Order) 


Malaiiai  Descri^^  Sc 

8  pcf  Core  L.W. 
Flexible  MIN-R  +  1/4- 
inch  4  pcf  CERAFELT 

T /ln?h  4  pCf  CERAFELT 
/^inch,  13  5  pcf  CERAFOR 
103  +  1/2-in.  4  pcf 
CERAFELT  P 

1-inch  6  pcf  LO-CON 
1-inch  6  pcf  CERAFELT 
20  pcf  MIN-K 

+  1/4~in.  4,5  pcf 
MICROLITE  B  f 

1/4-inch  8  pcf  L.W. 

Flexible  min-k  +  1-inch 
4  PCf  CERAFELT 

?EHoS  20  P°f  MIN'K 

pcf  Q-fiber 

/4-inch  18.5  pcf  CERAFORM 
126  +  1/2-in.  6  pcf 

Q-fiber 

2/,?^n?hN  z8,5  pcf  CERAFORM 
1/2-inch  6  pcf 

LO-CON 

3/4-inch  12  pcf 
THERMOFLEX  II 

o~y2r1!?Ch  8  pcf  KAOWOOL 
2-lnch  6  pcf  CERAFIBER 

1  126  18*5  PCf  CERAF0RM 


Square  Foot 
SLBl 


Time  to 
400op 
Ur. 


Temp,  at 
20  Min. 
fl£ 


0.28 

10.5 

652 

0.33 
t  0.45 

8 

7 

881 

960 

0.50 

0.50 

0.51 

12 

10.5 

15.5 

646 

6  82 
493 

0.53 

20 

400 

0.62 

30 

293 

0.62 

0.64 

13 

12 

583 

623 

0.64 

10 

768 

3.75 

10 

733 

L.O 

A 

15.5 

521 

.  *  U 

.54 

14.5 

13 

542 

611 
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TABLE  14 
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HEATING  5  EVALUATIONS 

*  COMPOSITE  CONFIGURATIONS  WITH  3  PCF  ISOCYANURATE  FOAM 

’  ASTM-E119  TIME-TEMPERATURE  CURVE/DOUBLE  INSULATED  CONFIGURATION 

% 

\ 


Hot  Side  ***  TOXIC  *** 

Matfl  Foam  Tims  to  Temp.  @  Time  to  550°F,  Min. 

Thickness  Thickness  450°F  30  Min.  Hot  Side  Midpoint 


Hot  Side  Material 

Inches 

Inches 

Min. 

OF 

Foam 

Foam 

Cerafelt,  4  pcf 

0.50 

1.00 

55.0 

250 

4.5 

7.0 

Q-Fiber,  6  pcf 

0.50 

1.0Q 

62.5 

220 

5.5 

9.5 

O-Fiber,  6  pcf 

0.50 

0.50 

42.0 

324 

6.0 

10.0 

Cerafelt,  4  pcf 

0.50 

0-50 

34.5 

390 

4.5 

8.0 

Cerafelt,  4  pcf 

0.50 

0.25 

25.5 

542 

5.0 

9.0 

Min-K  TE1400 

0.25 

0.50 

47.0 

289 

8.0 

15.0 

Flexible  Min-K 

0.25 

0.50 

38.0 

367 

4.0 

8.5 

Flexible  Min-K 

0.25 

0.25 

28.0 

498 

5.0 

11.0 

The  tabulated  results  can  be  misleading  if  the  only  result 
considered  is  the  minutes  to  450of  of  the  aluminum 
plate.  At  about  550of  isocyanurate  foam  begins  to  char 
and  disintegrate,  losing  its  insulating  capability.  This 
fact  could  not  be  considered  in  the  HEATING5  simulation. 
Therefore,  although  1/2-inch  6  pcf  Q-FIBER  plus  1-inch  foam 
appeared  to  have  the  best  response  to  the  ASTM-E119  curve 
(62.5  minutes  for  aluminum  plate  to  reach  450<>F)  ,  tnat 
would  probably  not  be  the  real  world  case.  A  different 
composite,  1/4-inch  MIN-K  TE1400  plus  1/2-inch  foam, 
although  only  rating  47  minutes  for  the  plate  to  reach 
450<>F,  may  be  superior  in  an  actual  fire.  The  MIN-K 
material  prevented  the  foam  hot  side  from  reaching  450of 
for  8  minutes  compared  to  5.5  minutes  for  the  Q-FIBER.  In 
the  MIN-K  simulation,  the  midpoint  of  the  foam  did  not 
reach  550°F  for  15  minutes,  compared  to  10  minutes  for 
the  Q-FIBER  composite.  Table  14  includes  the  times  at 
which  both  the  hot  side  and  midpoint  temperatures  of  the 
foam  reach  550°f,  which  must  be  considered  in  addition  to 
the  time  for  the  aluminum  plate  to  reach  450°F. 

Charring  and  loss  of  insulating  capability  are  not  the  only 
factors  necessary  to  consider.  Toxic  gases  can  be  released 
when  the  foam  begins  to  char  and  burn.  An  extensive  study 
of  foam  in  fire  conditions  would  be  necessary  to  determine 
the  extent  of  danger  to  personnel  when  foam  is  used  in  fire 
proection  applications. 


£ixa  -Testing 

Small  scale  fire  tests  were  conducted  in  the  2-foot  by 
2-foot  furnace  on  several  of  the  materials  previously 
evaluated  using  the  HEATING5  program.  The  ASTM-E119  time- 
temperature  curve  and  the  double  insulated  configuration 
were  used  in  every  case.  Detailed  results  of  the  fire 
tests  are  located  in  Appendix  D  in  tabular  and  graphic 
form. 

Table  15  shows  a  summary  of  the  fire  test  results  as  well 
as  HEATING5  evaluation  results  for  the  same  material  and 
thickness,  in  increasing  psf  order.  For  the  most  part, 
fire  test  results  were  significantly  better  than  results 
from  the  computer  evaluation,  though  relative  results 
between  the  materials  were  quite  comparable.  In  a  few 
cases,  the  HEATINGS  results  were  better.  The  factors  of 
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binder  burn-out,  degree  of  edge  heat  loss,  surface 
coefficients  and  temperature  control  in  the  fire  tests  all 
contribute  to  differences.  Table  15  of  results  includes  a 
quantitative  demonstration  of  the  last  factor,  temperature 
control,  of  the  fire  tests.  The  hot  surface  temperature  of 
the  material  under  consideration  at  30  minutes  is  given  in 
the  table  for  both  the  fire  test  (average)  and  the  HEATINGS 
evaluation.  Whereas  these  hot  surface  temperatures  are  all 
within  15°F  of  each  other  for  the  HEATING5  evaluations, 
the  range  for  the  fire  tests  was  about  450°F.  This 
difference  is  greater  than  what  would  be  accountable  by 
performance  differences  between  materials,  and  is  probably 
due  to  temperature  control  considerations.  Results  from 
the  small  scale  fire  tests,  therefore,  are  of  limited 
value . 

The  baseline  material,  1-inch  4  pcf  CERAFELT,  was 
fire-tested  in  the  2-foot  by  2-foot  furnace.  The  aluminum 
plate  reached  450OF  after  29.5  minutes,  compared  to  25.5 
minutes  us_ng  the  HEATINGS  program.  The  table  summary  of 
the  data  (Table  15)  shows  the  fire  test  to  have  a 
significantly  lower  hot  side  temperature  at  30  minutes  than 
that  of  the  HEATING5  evaluation  also.  The  material  having 
the  best  result  during  fire  test  was  1-inch  6pcf  Q-FIBER, 
with  a  time  of  56.5  minutes.  The  MIN-K  materials  also  had 
good  fire  test  results,  with  50.5  minutes  for  3/8~inch  MIN- 
K  1301,  48.5  minutes  for  3/8-inch  MIN-K  TE1400  and  42 
minutes  for  3/8-inch  MIN-K  2000. 

Intumescent  Paint  -  A  few  refractory  fiber  materials  were 
tested  in  the  2-foot  by  2-foot  furnace  without  and  then 
with  a  coating  of  intumescent  paint  to  help  quantify  the 
added  benefit  of  such  a  coating.  Ocean  Chemicals,  Inc. 
System  634/3342  was  used.  Detailed  results  in  tabular  and 
graphic  form  are  located  in  Appendix  D.  A  summary  of 
the  data  is  shown  in  Table  16. 
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EFFECT  OF  INTUMESCENT  PAINT  ON  FIRE  PROTECTION  ABILITY 


In  every  case  but  one,  that  of  2-inch  4  pcf  CERAFELT,  the 
application  of  intumescent  paint  proved  beneficial  to  the 
fire  protection  capability  of  the  insulation  system.  The 
results  from  that  particular  test,  however,  as  well  as 
results  from  the  1-inch  4  pcf  CERAFELT  must  be  considered 
invalid.  In  the  first  case,  the  hot  side  control  was 
erratic,  dropping  150OF  for  no  apparent  reason  between  15 
and  20  minutes  into  the  test;  in  the  second  case, 
comparison  of  the  hot  side  temperatures  at  30  minutes  again 
shows  evidence  of  poor  temperature  control. 

The  "time  to  450of"  ratings  of  the  other  three  materials 
were  improved  by  3  to  4.5  minutes  with  the  addition  of  the 
intumescent  paint  coating,  a  gain  of  8  to  9  percent.  The 
weight  per  square  foot  added  by  the  coating  averaged  0.057 
pounds,  including  one  primer  coat  and  two  coats  of  the 
intumescent  paint. 


CONCLUSIONS  AND  RECOMMENDATIONS 


From  the  study  of  various  fire  protection  systems  conducted 

under  this  contract,  several  conclusions  can  be  drawn. 

Each  conclusion  is  amplified  in  a  summary  discussion 

immediately  following. 

1.  Better  fire  protection  can  be  provided  at  a  lower 
weight  per  foot  squared  than  that  of  the  system 
currently  utilized. 

2.  The  fire  protection  ability  of  a  material  or 
combination  of  materials  can  be  approximated  using  a 
linear  equation  given  physical  property  data  on  the 
material (s) . 

3.  Foam  insulation  may  provide  good  fire  protection  at  a 
low  weight  per  square  foot,  but  should  not  be  directly 
exposed  to  fire  and  thus  must  be  used  in  combination 
with  another  material. 

4.  Adding  an  aluminum  skin  to  the  hot  surface  of  a  fire 
protection  system  does  not  contribute  significantly  to 
its  protection  ability,  but  does  grossly  Increase  its 
weight  per  square  foot. 
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5.  Intumescent  paint  applied  to  the  outer  surface  of  an 
insulation  system  can  improve  its  fire  protection 
capability  for  a  slight  increase  in  weight  per  square 
foot. 

The  computer  study  results  showed  that  flexible  MIN-K, 
whether  used  alone  or  in  combination  with  another  material, 
provides  an  alternative  to  the  currently  utilized  system, 
1-inch,  4  pcf  CERAFELT  with  glass  cloth  facing.  Flexible 
MIN-K  (1/2-inch,  8  pcf  core)  simulated  on  HEATING5  allowed 
the  aluminum  plate  to  reach  450°F  after  30.5  minutes 
compared  to  25.5  minutes  for  the  CERAFELT.  The  weight  per 
foot  squared  of  the  MIN-K  would  be  0.40  psf  compared  to  the 
0.50  psf  of  the  CERAFELT  plus  glass  cloth.  Other 
advantages  of  the  MIN-K  include  better  durability  and 
rigidity,  pre-applied  and  stitched  glasB  cloth  facing 
(easier  installation),  and  lower  thickness.  The  acoustical 
transmission  loss  properties  of  the  Flexible  MIN-K  system 
would  probably  be  better  than  the  CERAFELT,  thus  making  it 
a  more  effective  sound  barrier.  The  CERAFELT  however, 
would  prove  more  effective  as  a  sound  "muffler"  within  an 
enclosure  having  better  sound  absorption  properties.  The 
1-inch  4  pcf  CERAFELT  would  provide  better  room  temperature 
thermal  protection  with  an  R-value  of  3.6  than  the 
MIN-K/CERAFELT  combination  (R-value  2.4)  or  the  MIN-K  alone 
(R-value  2.9). 

The  flexible  MIN-K  is  more  expensive  than  the  CERAFELT.  A 
combination  of  flexible  MIN-K  (1/4-inch,  8  pcf  core)  and  4 
pcf  CERAFELT  (1/4-inch)  thus  may  be  more  desirable  since 
less  MIN-K  and  therefore  less  cost  is  involved.  Results 
from  this  system  were  almost  equivalent  to  CERAFELT's,  at 
25  minutes,  but  this  composite  weighs  only  0.28  psf,  and 
has  the  same  advantages  as  1/2-inch  flexible  MIN-K. 

The  following  equations  are  recommended  for  use  in 
approximating  the  fire  protection  capability  (aluminum 
plate  response)  of  different  materials  or  combinations. 

Equation  1.  For  refractory  fiber,  double  insulated 

configuration,  ASTM-E119  time-temperature 
curve: 

Minutes  to  450OF  =  35.83  -  2.37  (Cp  X  -JL-) 

95  percent  confidence  ±1.8  minutes  pcp 

90  percent  confidence  ±1.5  minutes 


Where: 


C  ■  Thermal  conductance  at  lOOOOp, 
Btu/hr.ft^.op 
p  »  Density,  pcf 

cp  -  Specific  heat  at  lOOOOp,  Btu/lbOF 

Equation  2.  For  opacified  particulate,  double  insulated 
configuration,  ASTM-E119  time-temperature 
curve : 

Minutes  to  450of  -  84.78  -  222.84  JL 
95  percent  confidence  *8.5  minutespcP 
90  percent  confidence  ±6.7  minutes 

Equation  3.  For  material  composites,  double  insulated 
configuration,  ASTM-E119  time-temperature 
curvet 

Minutes  to  450OF  ■  42.49  - 

0 . 0736 (Cp ) i (Cp ) 2 (-— — ) 1 
95  percent  confidence  ±4.7  minutes  pcp 
90  percent  confidence  ±3.6  minutes 

Where : 

Subscript  1  refers  to  the  outer  or 

hot  side  material.  Subscript  2  refers  to  the 

inner  or  cold  side  material. 

These  equations  are  useful  to  give  a  prediction  of  the 
response  of  a  material  relative  to  that  of  a  known 
material . 

Isocyanurate  foam  used  in  a  composite  with  other  fire 
protection  materials  is  a  very  attractive  option  due  to  its 
lightweight  and  excellent  thermal  characteristics.  It  is 
recommended  that  more  study  be  put  into  foams,  including 
the  newer  fire-retardant  polyimide  foams  developed  by 
International  Harvester/Solar  Turbine  Division. 

(Information  on  these  foams  did  not  arrive  in  time  for 
analysis  and  inclusion  in  this  report.)  Research  into  the 
toxicity  and  deterioration  of  foam  at  high  temperatures  is 
recommended.  In  conjunction,  developmental  work  on 
obtaining  an  acceptable  composite  utilizing  foam  is 
recommended. 
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An  aluminum  akin  surface  added  little  to  the  fire 
protection  ability  of  a  material,  but  significantly  to  the 
weight  per  square  foot.  It  is  not  recommended  for  use  on 
Navy  bulkheads. 

An  intumescent  paint  coating  on  the  hot  surface  of  an 
insulation  contributed  up  to  4.5  minutes  to  the  fire 
protection  rating  (8  to  9  percent)  of  a  material  in  a  small 
scale  fire  test  at  an  average  added  weight  per  square  foot 
of  0.057  psf.  It  is  recommended  that  intumescent  paint  be 
used  as  a  surface  coating  regardless  of  the  material 
selected  for  fire  protection.  This  step  could  be  taken 
immediately  on  the  existing  Navy  bulkhead  fire  protection 
systems . 
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RECOMMENDATIONS 

Based  on  the  above  conclusions,  it  is  recommended  that: 


1.  Large  scale  laboratory  fire  tests  be  conducted  on 
the  Flexible  MIN-K  (1/2-inch,  8  pcf  core)  product, 
and  the  Flexible  MIN-K  (1/4-inch,  8  pcf  core)  and 
4  pcf  CERAFELT  (1/4-inch)  system  in  conjunction 
with  the  4  pcf  CERAFELT  (1-inch)  standard  to 
confirm  the  HEATINGS  results.  Large  scale  fire 
tests  on  Q-Fiber  and  Lo-Con  would  also  provide 
helpful  information. 

2.  If  the  large  scale  laboratory  fire  tests  confirm 
the  HEATING5  advantages,  a  program  be  initiated  to 
establish  the  techniques  to  combine  the  materials 
(Flexible  MIN-K  and  CERAFELT)  into  a  single 
product,  to  apply  it  to  the  various  bulkhead  and 
structural  configurations,  and  to  evaluate  the 
cost  effectiveness  of  the  new  system. 

3.  Consideration  be  given  to  a  program  to  improve 
the  thermal  performance  of  existing  refractory 
fiber  products  through  the  introduction  of 
opacifiers. 

4.  An  intumescent  paint  system  equivalent  to  the 
Ocean  Chemicals,  Inc.,  System  63/3342  be 
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incorporated  into  the  full  scale  laboratory  fire 
teats  to  confirm  the  findings  of  the  small  scale 
tire  tests. 


The  equations  developed  to  describe  the  thermal 
response  of  the  aluminum  bulkhead  be  utilised  to 
generate  comparisons  between  known  materials  and 
new  materials ,  or  to  establish  the  necessary 
properties  of  a  material  for  a  certain  degree  of 
protection. 


APPENDIX  A 


LIST  OF  MANUFACTU; 
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Manufacturer  and  Address 

1.  Babcock  International,  Ltd. 
Cleveland  House 

St.  James's  Square 
London  SW1Y  4LN  England 
Telephone:  01-930-9766 

2.  Carborundum  Company 

(Subsidiary:  Kennecott  Copper 

Corporation) 

Carborundum  Center 

Niagara  Falls,  New  York  14302 

Telephone:  (716)  278-2000 

3.  A.  P.  Green  Refractories  Company 

(Subsidiary:  U.  S.  Gypsum  Co.) 

Green  Boulevard 

Mexico,  Missouri  65265 
Telephone:  (314)  473-3626 

4.  ICI  Americas,  Incorporated 

(Subsidiary:  Imperial  Chemical 

Industries,  Limited) 

New  Murphy  and  Concord  Pike 
Wilmington,  Delaware  19897 
Telephone:  (302)  575-3000 

5.  Johns-Manville  Corporation 
P.  0.  Box  5108 

Denver,  Colorado  80217 
Telephone:  (303)  978-2000 
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Material  Produced 
KAOWOOL 


Fiberfrax  LO-CON 


INSWOOL  HP 


SAFFIL  Fiber 


CERAFELT,  CERABLANKET 
Flexible  MIN-K , 

Rigid  MIN-K,  CERAFORM 
THERMOFLEX  II,  Q-FIBER 
CERACHROME , 

Unbonded  MICROLITE  B 


600  0.50  Same  as  Above 

1000  0.70 

1400  0.90 

1600  1.10 

2000  1.62 


0  Pm  Pm 
•HO  0 
X  X 

•H  3  C 
0  X  id 
<1)  ffl  CD 

a  s 

M 


CD 

01 

> 

> 

O  <N 

in 

oo 

0 

o 

(N 

(N 

CM 

(M  CM 

XI 

X 

• 

* 

« 

•  • 

< 

<d 

o 

o 

O 

o  o 

tfi 

U1 

fd 

0) 

0) 

O 

o 

O 

o  o 

E 

E 

O 

o 

o 

O  O 

(d 

fd 

rsj 

CO 

CM  kO 

w 

00 

rH  rH 

X  £14 

td  o 

E  >1  •  Itl 

P  XCN  «1 

1)  H  4J 
X  >  X 
E-i  -H  • 

X  P  &4 
X  U  X  3 
C  OX 
0)  TJ  C  C 
P  C  -H  id 

m  o  •  <u 

04  CJ  3  £ 
04  X 
<  CO 


aunoc 
t-«  o  •O'  oo 


irnnoui 

i--  o  cn  in 


NNO(fl 
NO  00  O  (N 


U1  00  CM  CN 

m  r~  o\  rH 


o\  H  m  oo 
rH  ni  m  ro  m 


oo  o  in  on  in 

HNNNM 


O  i — I  H  i — I 


O  O  O  O 
O  O  O  O 
10  CO  O  IN 


O  O  X  rH 


O  O  O  O 
O  O  O  O 
lO  00  O  N 
rH  rH 


O  O  O  ■ — I  OOOOO 


©  o  o  o 
o  o  o  o 
loco  on 


o  o  o  o 

o  o  o  o 

1C  CO  ON 


OOOOO 
OOOOO 
>H  CN  -d*  10  00 


OOOOO 


OOOOO 
OOOOO 
.H  <N  NO  00 


><  w 


W  W 

04 

Si  o 

C  QC 


0) 

a)  (U 
W  rH  W 

w  xi  aj 
<d  id  x 

CH  U 
M  -H  C 
CJ  (0  H 
•H  > 

x  < 

E-< 


s 

S 

(N 

CM 

CM 

X 

"N 

'"x 

rH 

rH 

i 

rH 

I 

rH 

1 

1 

rH 

1 

1 

rH 

l 

rH 

1 

1 

1 

1 

I 

.  . 

C  S 

CN 

CM 

CO 

00 

X 

X 

N 

\ 

XX 

\\ 

1 — 1 

rH 

i — l 

rH 

i — l  ro 

rH  cn 

4H 

X 

n 

B4 

PHIP  P 

0  *p  x 

co  n  in 

rH  w  W 

(  04  04 

(  04  04 

m  C— ' 
q  CN  CN 

m  ^  m 

CNN 

cn 

CO 

Q  '  * 

Q  •  * 

0  o  o 

0  0  0 

EH 

X 

W 

X 

M 

tn 

S3 

•H 

Kfl 

a) 

X 

> 

CQ  — . 

X 

<f  r- 

X 

■>* 

tn  — 

W  CN 

•H  in 

O  i 

X  H 

CD  «  H 
H  I  rtj 

h  a 

*H  H  • 

>  £  p 

C  -H 

id  a)  pi 
s  x 
i  x  w 
m  -h  <u 
a  x  h 
X!  <U  Id 
OH  w 


MATERIAL  PROPERTIES  TABULATION 


ft 


4 


4J 

fd 

<u  xs 

JB  a 

O  Cn 
•HO 
44  \| 
•H  3 
O  +J 

a)  m 

a 

w 


51 


<D 

> 

O 

X) 

< 

M 

fd 

0) 

B 

id 

CD 


o 

X) 

c 


cn 

ro 

ai 

s 

(0 

cn 


0) 

> 

o 

<c 

cn 

fd 


I 

fd 

cn 


< 


rH  fn 

cd  0 

6  >i  • 

ft  44  CN 
O  -H  -P 
X!  >  44 

Eh  *H  • 

44  ft 

Cn 

41  U£ 
C  P  \ 

b 

0)3  c 

c 

ft  C  -H 

fd 

fd  0  • 

d) 

App 

C 

Btu 

S 

(N  yD  H  H 
<N  (N  H  ^  "tf  L/l 


O  O  O  O  O  O  O 


in  r~  o  m  r-  m 

N  (N  M  rn  H  U1 


o  o  o  o  o  o  o 


h*1  ID  CD  (N  C-  fO  H 


o  o  o  o  o  o  o 


hi  in  oo  tH  m  h  o 
cn  cn  in  ro  m  **  m 


o  o  o  o  o  o  o 


o  o  o  o  o  o  o 
o  o  o  o  o  o  o 

'd*  ID  CO  O  (N  ^  10 
H  H  i — I  a 


o  o  o  o 
o  o  o  o 

ID  CO  O 


o  o  o 
o  o  o 

(N  «J>  ID 


o 

o 

a- 


o  o  o  o  o 
c  o  o  o  o 

IDO  00  O  CN  a 


o 

o 

ID 


o  o  o  o  o  o  o 
o  o  o  o  o  o  o 
wcoon<tiD 


cn 

<D  <V 
cn  rH  U) 
cn  xa  a) 
<u  m  x: 

C  rH  O 

^  -h  a 

U  HH 
■H  > 

XJ  < 

H 


>1 

•L 

•H  Cn 

cn  u 

C  Gi 

a) 

a 


00 


44 


Hi 


VO  4-1 
rH  If) 
Q. 
I  ^ 


<0 

2 

= 

rH 

** 

00 

V. 

\ 

CO 

rH 

co 

44 

44 

4H 

0 

a 

Hi 

H, 

ID  44 

ID  44 

4H 

r4  cn 

rH  cn 

h  in 

.  * 

a 

1  ^ 

Cu 

1 

0)  ^ 

<D  °0 

m 

y  cn 

ft  cn 

H  ^ 

0  • 

0  • 

Q  • 

U  0 

O  0 

O  0 

I 


¥ 


5. 

f 

% 

t 


'O 

ft 

fd 

03 

c 

fd  — . 

-P  in 

c  n  rH 

I 


0) 

a  1  < 

s 

a  z 

fd 

•H  H  . 

2 

>  S  4J 
d  a 

rH 

fd  cd  n 

S  a 

•H 

1  XI  cn 

U 

cn  a  cu 

<D 

a  X  a 

-P 

x:  0>  id 

0  a  cn 

£ 

hj  a  — 

49 
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Table  3  of  Results 

HEATINGS  EVALUATIONS  -  2Q0QQP  TEMPERATURE  PULSE 
DOUBLE  INSULATED  CONFIGURATION 


Aluminum 

Plate 

Temperature  at 

Time.  Minutes 

Material  4  Description 

PSF 

qT 

5 

10 

ll 

20 

30 

40 

8_0 

l~io 

CERAFELT  -  1-inch,  4  pcf 
MTN-K  TE1400  -  3/8-lnch 

0.33 

68 

276 

503 

706 

881 

1144 

1304 

1478 

1489 

20  pcf 

O-fiber  -  l-l/4-inch 

0.63 

68 

109 

172 

234 

293 

404 

503 

808 

997 

6  pcf 

CERAFORM  126  -  1-inCh 

0.63 

68 

170 

320 

458 

583 

794 

957 

1280 

1360 

18.5  pcf 

KAOWOOL  -  l-l/2-inch 

1.54 

68 

142 

304 

466 

611 

852 

1033 

1356 

1419 

8  pcf 

CERAFORM  126  -  1/4- inch, 
18.5  pcf  plus  Q-FIBER  - 

1.0 

68 

122 

259 

396 

521 

738 

913 

1283 

1385 
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